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Abstract- In general, i t  is not easy to  design a decen- 
tralized controller for nonlinear interconnected systems. In 
this study, the stability of nonlinear interconnected systems 
is studied via fuzzy decentralized control method. First, 
the nonlinear interconnected systems are represented by an 
equivalent Takagi-Sugeno type fuzzy model. If the state 
variables are unavailable, a fuzzy observer-based state feed- 
back controller is also proposed to  solve the stability prob- 
lem of nonlinear interconnected systems. A robust decen- 
tralized stabilization technique is proposed for each decen- 
tralized controller to  override the effect of fuzzy approxi- 
mation error and interconnection among subsystems. This 
design problem is equivalent to  solving a linear matrix in- 
equality (LMI) problem. 
I. INTRODUCTION 
The past three decades have witnessed various applica- 
tions of large-scale interconnected system methodologies 
to urban planning, economic models, spacecraft dynamics, 
power systems, industrial processes, transportation net- 
works and others. The properties of interconnected sys- 
tems have been widely studied in the past decades. Many 
different approaches have been proposed to stabilize the in- 
terconnected linear systems [l], [2], [4]. On the other hand, 
there are very few studies concerning with the stabilization 
control for the interconnected nonlinear systems [3]. Since 
linearization technique and linear robust control are used, 
these results are always very conservative and only appli- 
cable to some special nonlinear interconnected systems. 
Since fuzzy model is a suitable method to approximate 
a nonlinear system, in this study, a Takagi and Sugeno 
fuzzy perturbative model is employed to efficiently approx- 
imate nonlinear interconnected systems, with perturbative 
elements to envelop the approximation errors. In this pa- 
per, a state feedback decentralized fuzzy controller with 
constant control parameters is proposed to tackle the ro- 
bust control design problem for interconnected nonlinear 
systems. With use of perturbative method, a robust sta- 
bilization technique is developed to efficiently override the 
effect of approximation error and interconnections among 
subsystem to guarantee the stability of global system. The 
problem of decentralized robust fuzzy control design via 
state feedback is characterized in terms of solving a lin- 
ear matrix inequalities problem (LMIP). The LMIP can be 
solved very efficiently using convex optimization techniques 
via Matlab toolbox. 
All the results mentioned above are assumed with state 
variables available. In practice, the state variables of the 
nonlinear interconnected system are always unavailable. In 
[lo], a reduced-order observer is proposed to estimate those 
states of a system that are not accessible by direct measure- 
ment. Another type of observer is the same order as the 
process under observation called full-order observer such 
as Kalman filter. Several researchers have devoted to the 
observer design for large-scale systems; e.g., [6] and [7]. If 
a full state observer constructed by the centralized method 
is used to estimate the state of a large-scale system, it will 
be difficult to implement and large estimation errors will 
also arise due to the number of computations involved [9]. 
In this study, a decentralized fuzzy observer is proposed 
to estimate the states of each subsystem for decentralized 
control. The outcome of the decentralized fuzzy observer- 
based fuzzy control design is also parameterized in terms 
of linear matrix inequalities problems (LMIPs) to treat the 
decentralized output feedback control problem of nonlinear 
interconnected problem. 
11. DECENTRALIZED OBSERVER SYNTHESIS FOR 
NONLINEAR INTERCONNECTED SYSTEMS 
In practice, we need to estimate state vector zi(t)  from 
output yi(t) for state feedback control. Consider an in- 
terconnected system S which is composed of N uncertain 
subsystems Si as follows 
Si : k i ( t )  = F;(zi(t)) +Gi(zi(t))Ui(t) 
+ CjN=l,jfi F j(Xj(t)) (1) 
yi(t) = Hi(zi(t)) 
where zi(t) E R"; is the state vector and u i ( t )  E R"; is the 
control signal of the i-th subsystem, Fi(zi(t)), Gi(zi(t)), 
Hi(z i ( t ) )  and Fij(z j ( t ) )  depend on z i ( t )  or z j ( t ) ,  where 
F;j(z j ( t ) )  denotes the interconnection between the i-th 
subsystem and the j-th subsystem. The k-th rule of this 
fuzzy model for the nonlinear interconnected subsystem Si 
is proposed as the following form. 
Plant Rule k: If zil ( t )  is F k l  and . . . and zi,, ( t )  is Fk,, 
Then k i ( t )  = Aikz i ( t )  + Bikui(t) 
+ ~ i N , i , j + i  A i j , z j ( t )  
(2) 
Yi(t) = Cz,zi(t) 
where Fipi is the fuzzy set, L is the number of If-Then 
rules. The matrices Air ,  Bi, and Aii, are of appropriate 
dimensions and zil ( t ) ,  zi,(t), . . ., zi,, ( t )  are the premise 
variables. 
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The overall fuzzy model of subsystem Si can be rear- Let us denote the estimation error as 
e ; ( t )  = z;(t) - &(t)  (9) 
ranged as the following form[5]: 
By differentiating (9), we get error dynamic of fuzzy de- 
where {(Ai, - L i k c i m ) e i ( t )  
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i.e., the fuzzy approximation errors can be bounded by the 
specified structured matrices A,i, B,;, Ar;j and Cr;, which 
will be employed to override the effect of approximation 
error in the following fuzzy decentralized control design 
procedure. m 
Thus the Lyapunov function v(t) for the overall inter- 
connected system S is 
where the weighting matrix Pi = p? > 0. 
Theorem I: If the following matrix inequalities 
have positive definite solutions 4, then the system S is 
quadratically stable by the fuzzy observer-based decentral- 
ized control. , 
For the convenience of design, the separation principle in 
system theory will be used. In this situation, P is chosen 
as the following form 
where Pi, = Pi‘f > 0 and P,, = PE > 0, then by substitut- 
ing (17) into (16), we get 
By introducing a new matrix W;, = PsT1 > 0,  we get 
With K,,, = K;, W;, and Z;, = Pi, L;, , (19) is equivalent 
to 
therefore, the quadratically stability problem for the non- 
linear interconnected system S is solved by LMI problem 
(LMIP) in W;, and Pi,. 
The analysis above shows that when dealing with the 
stabilization design problem of the fuzzy observer-based 
decentralized control system, the most important task is 
to solve common solutions Wi, = W c  > o and P,, = 
P z  > 0 from (20). Since the variables Li, and Zi,(= 
Pi, Li,)  are cross-coupled, there are no effective algorithms 
for solving this LMI problem till now. It will be tackled by 
the following two-step scheme. 
First, we easily check that the matrix inequalities (19)  
implies the second diagonal term (i.e., (20)). Using the 
Schur complements, (20) can be transformed into the fol- 
lowing linear matrix inequalities (LMIs) 
- 
F Pi, fiCjTmLZ, 
-I 0 
where 
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If (21) is guaranteed, then using the Schur complements 
(19) is equivalent to 
0 0 
O 0 
0 0 
0 0 
-I 0 
0 Q2 ~ 
QT 1 
0 
< 0 (22)  
0 
0 
0 
-I 
0 
0 
where 
QI = Ci, Li, + WilAjTikLijkCjm + Wi,A;fiA,i 
+w,,B;B,~ + 2 ~ i ~ C 5 L E L i k C r i  
+wi, A ; ~ A ~ ~ ~  + 2wi, C , T ~ L ; ~  
Q2 = A: Pi, + PizAik - C z  2: - Z,,C,, 
+6Pi, Pi, + 2C; LT,* Lji, Cj, 
+A,T,A,, + B;B,~  + A ; ~ A ~ ~ ~  
T T  +~C,,L,, ~ i ,  Cri + 2c,Tj L:, ~ i j ,  c r j  
+(Aijk - LijbCj,)T(Aijk - LijkCj,) 
i.e., the solution of LMI problem in (19) is reduced to solve 
the so-called two-step scheme in (21) and (22) .  
Note that solving Pi, and Zi, from (21)  is a standard 
linear matrix inequality problem (LMIP). First, solve the 
LMIP in (21) to obtain Pi, and Zi, (thus Li, = P ~ i Z i , ) .  
By substituting Pi,, Zi, and Li, into ( 2 2 ) ,  ( 2 2 )  becomes a 
standard linear matrix inequalities (LMIs). Second, solve 
the LMIP in (22) to obtain Wi, and Y,, (thus Kj = 
Yi, WL’).  
111. CONCLUSIONS 
In this paper, a Takagi and Sugeno fuzzy model is pro- 
posed to study the stabilization problems for nonlinear 
interconnected systems using fuzzy decentralized control. 
Robust stabilization technique is proposed to effectively 
override the effect of the fuzzy approximation errors and 
interconnections. If the state variables are unavailable, a 
fuzzy observer-based decentralized control scheme has also 
been proposed to tackle the stabilization problem for the 
nonlinear interconnected systems. The outcome of the sta- 
bility problems in this study is characterized in term of 
a linear matrix inequality problem (LMIP) for the fuzzy 
observer-based fuzzy control. LMIP can be solved very 
efficiently and systematically by the convex optimization 
techniques. In this situation, the proposed decentralized 
control method is suitable for practical applications of non- 
linear interconnected systems, which can not be solved by 
conventional method. 
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